Acute and sub chronic effects of oral dexamethasone on anxiety and memory in mice were evaluated using the elevated plus maze, Y maze and radial arm maze. Adult male Swiss albino mice assigned to five groups were given vehicle (normal saline), a standard drug (Diazepam or Scopolamine) or one of three selected doses of dexamethasone (0.5, 1.0 and 1.5 mg/kg) daily for a period of 14 days. Behavioral tests were carried out on days 1 and 14 after administration. Results were analysed using a one-way ANOVA followed by a posthoc test (Student-Newman-Keul) and expressed as mean ± S.E.M. Elevated plus maze test showed a significant reduction in the time spent in the open arm and in the number of open arm entries compared to control. Results of radial arm and Y maze tasks showed an improvement in spatial memory following dexamethasone administration. Y maze locomotor activity was significantly increased, although radial arm maze exploration did not increase significantly. The study concluded that oral dexamethasone given either acutely or sub chronically has both anxiogenic and memory enhancing effects.
Introduction
Corticosteroids and a number of their synthetic derivatives have metabolic (glucocorticoid) and electrolyte-regulating (mineralocorticoid) activities; variations, however, occur when comparisons are made between these two activities. These agents find application as replacement therapy while glucocorticoids in particular are used in a variety of inflammatory and autoimmune diseases. Steroid hormones are produced and secreted by the adrenal glands usually in response to stress [1] ; the hormones, cortisol and corticosterone (CORT) help to maintain or restore body homeostasis [2] as well as regulate the body's immune response to infections and disease [3] .
Glucocorticoids are the final products of the activated hypothalamus-pituitary-adrenal (HPA) axis which is extremely crucial to survival in both man and animals [4] [5] . For more than 60 years, prescription glucocorticoids have been used in the treatment of asthma, allergies, arthritis and dermatological diseases and in the prevention transplant rejection [6] .
A variety of systems in the body are sensitive to glucocorticoids largely due to the presence within them of one or more glucocorticoid receptors; amongst them are the peripheral and central nervous system [7] , glucocorticoids are lipophilic, and so they are able to cross the blood-brain barrier gaining access to the brain where, by binding to specific receptors (mineralocorticoid (MR) and glucocorticoid (GR) receptors) [8] , cause a number of responses. Glucocorticoid receptors are found in large numbers in the hippocampus and are important in memory formation with varying responses documented [4] , they have also been shown to affect brain regions that are associated with cognitive and other functions, and this may involve both genomic and non-genomic processes.
Dexamethasone (DEX) is a potent synthetic glucocorticoid with anti-inflammatory and immunosuppressant properties. It is 25 times more potent than cortisol in its glucocorticoid effect; it also has a longer duration of action but little or no mineralocorticoid effect. DEX has a number of systemic side effects such as diabetes, osteoporosis, infection, glaucoma, and cataracts, which are similar to that seen with most glucocorticoids and most of these effects are well documented. Effects of glucocorticoids on the brain were not studied extensively; not until there began to appear in literature reports of severe mood disorders, psychosis and at times suicide or suicidal ideations with glucocorticoid use [9] [10]. A number of animal studies detailing the neurobehavioral, neurochemical and neuro histological effects of naturally occurring glucocorticoids on the different brain regions are however available [11] [12] . Some authors have also studied the effects of dexamethasone in particular on the brain; however, most of the works available have concentrated on the intravenous route of administration [13] [14] . Our aim in this study is to look at certain aspects of the neurobehavioral effects of dexamethasone when the drug is given orally.
Materials and Methods

Reagents and Drugs
Normal Saline, Diazepam (Valium®), Scopolamine hydro bromide and Dexamethasone tablets were purchased from the pharmacy, crushed weighed and dissolved in measured volume of isotonic saline solution to get desired concentrations. Dexamethasone at the varying doses (0.5, 1.0 and 1.5 mg/kg) was administered orally using a cannula.
Animals
A hundred and fifty healthy adult male Swiss albino mice (Empire Breeders, Oshogbo, Osun State, Nigeria) weighing 20 to 25 g were used. Mice were housed in plastic cages measuring 16 × 12 × 10 inches (10 mice in each cage). Housing is a temperature-controlled (22.5˚C ± 2.5˚C) quarters with 12 hours of light. Mice had free access to food and water except during the behavioral tests. The experimental protocol was approved by the University Animal Ethics Committee. All rules applying to animal safety and care were observed.
Experimental Method
This research work was carried out between July and August 2012 in the Histology laboratory of the department of Anatomy, Ladoke Akintola University of Technology, Ogbomosho, Nigeria. Fifty mice were used for each of the experiments. The mice were randomly assigned to five groups of ten animals each. Mice in respective groups received vehicle (normal saline), standard drug (Diazepam at 1 mg/kg i.p. or Scopolamine at 0.5 mg/kg i.p.) or one of three doses of dexamethasone (0.5, 1.0 and 1.5 mg/kg) respectively for a period of 14 days. Tests were carried out thirty minutes after the first and last dose of dexamethasone.
The behavioral tests were conducted in a large quiet room between the hours of 8 a.m. and 4 p.m. Effects of dexamethasone or vehicle on anxiety behavior were evaluated using the elevated plus maze while its effect on spatial learning and memory were assessed using the Y-maze and radial arm maze. Behaviors were scored by the authors using a stop watch; all mice in one group were tested on the same day. All events were observed manually as previously described [15] .
Statistical Analysis
All data were analyzed using one way analysis of variance (ANOVA) followed by post hoc tests (Student Newman Keul's). Results were expressed as Mean ± S.E.M., p < 0.05 was taken as accepted level of significant difference from control. maze. On day 1 there was a significant (F = 52.47, p < 0.05, degree of freedom = 45) increase in spatial memory task performance at 0.5 and 1.5 mg/kg compared to saline control, on day 14 there was a significant (F = 91.51, p < 0.05, degree of freedom = 45) increase in spatial memory tasks at all doses compared to scopolamine control whereas compared to saline control there was a significant increase at 0.5 mg/kg dose and a reduction in memory tasks at 1.0 and 1.5 mg/kg dose. Figure 6 shows the effect of dexamethasone on locomotor activity following 5 minutes of exploration in the Y maze. On day 1 there was no significant (F = 1.21, p = 0.319) difference in locomotor activity in all groups that received dexamethasone compared to either saline or scopolamine control, on day 14 however there was a significant (F = 24.00, p < 0.05) increase in locomotor activity in all groups that received dexamethasone compared to control. Figure 7 shows the effect of oral dexamethasone on percentage novel arm entry following 5 minutes of exposure to the radial arm maze. There was a significant increase in novel arm entry on days 1 (f = 166.3, p < 0.05) and 14 (f = 380.22, p < 0.05) in all groups that received dexamethasone compared to control. Figure 8 shows the effect of oral dexamethasone on total arm entry following 5 minutes of exposure to the radial arm maze. There was no significant difference in total arm entry on day 1 (f = 30.13, p = 1.000) or 14 (f = 0.51, p = 0.732) in all groups that received dexamethasone compared to control.
Results
Effect of Dexamethasone on Percentage Time Spent in Open and Closed Arms
Effect of Dexamethasone on Number of Open and Closed Arm Entry
Effect of Dexamethasone on Spatial Memory in the Y Maze
Effect of Dexamethasone on Y-maze Locomotor Activity
Effect of Dexamethasone on Percentage Novel Arm Entry in the Radial Arm Maze
Effect of Dexamethasone on Total Arm Entry
Discussion
Effects of oral dexamethasone on anxiety state and spatial memory in Swiss mice were assessed. Behavioral ef- fects were examined initially after acute dosing and then after a fourteen day daily dosing regimen using three behavioral models. The elevated plus maze (EPM) is a model for studying anxiety related behaviors in rodents, it has been widely used in the investigation of the psychological and neurochemical basis of anxiety as well as for screening for anxiety modulating drugs in mouse genotypes [15] - [18] . from control acutely but sub chronically was anxiogenic. While open arm time (following acute administration) increased at 1 and 1.5 mg/kg in comparison to controls, increments were only marginal and therefore not big enough to suggest an anxiolytic effect at these doses.
Studies on the effect of prenatal and postnatal treatment with dexamethasone on anxiety level in adults have shown that DEX in utero increases anxiety like behaviors in adult subjects years after administration; most of these studies however have used the intravenous routes of administration [13] . The stress or fear inducing effects of DEX may be attributable to its effects on the fore brain glucocorticoid receptor signalling system that encompass the cerebral cortex, hippocampus, nucleus accumbens, caudate-putamen and basolateral/basomedial amygdala, leading to alterations in behavioral and physiological reactivity to stress.
Glutamate and GABA (gamma amino butyric acid) are the predominant neurotransmitters in the central nervous system and together they account for about 90% of neurotransmission. Glutamate GABA imbalance has been implicated in anxiety disorders and the response seen here could be the result of dexamethasone eliciting an increase in brain glutamate levels enough to alter the glutamate GABA balance. Increases in glutamate efflux in brain regions such as the prefrontal cortex and hippocampus was observed after stress; also a lack of GAD65 enzyme which is responsible for converting glutamate into GABA leads to exhibition of anxiety in mice [21] [22]. Actions of corticosteroids in the limbic region of the brain are strongly linked to their observed anxiogenic response and a disruption of their forebrain/limbic circuits is probably involved in the development of affective and anxiety disorders [23] . Dexamethasone administered to rats has been shown to increase the release of glutamate in the region of the limbic cortex in a dose dependent manner [24] .
Anxiogenic effects of dexamethasone observed here is believed to have resulted from the ability of DEX to alter the glutamate GABA balance by enhancing glutamate release in brain regions that are critical for anxiogenic response even when the drug is given through the oral route. A sustained anxiogenic response over the period of study as observed here suggests that repeated oral administration of DEX has the capability to continue to alter glutamate GABA balance and elicit an anxiogenic response.
The Y-maze is a behavioral model that can be used to investigate locomotor activity as well as learning and memory; it assesses hippocampus dependent navigational behaviors of rodents [25] . The radial arm maze is an appetitive motivated task useful in assessing spatial reference as well as spatial working memory performance and factors affecting these processes [26] . The results of both the Y maze and radial arm maze studies showed an increase in spatial memory scores in both groups that received DEX compared to controls. Acute and chronic actions of glucocorticoids on memory processes have been documented to differ in many respects; this includes differences in behavioral outcomes as well as in the cellular and molecular mechanisms involved [4] [27] . An important feature of the acute effects of glucocorticoids on memory function is the ability to induce both facilitating and impairing effects on memory [7] . In this study, acute administration of dexamethasone resulted in im- provement in memory in both the radial arm and Y maze; this has been attributed to the ability of glucocorticoids to induce the AMPA type glutamate receptors in the hippocampus. Increased hippocampal AMPAR trafficking has recently been implicated in the facilitating action of corticosterone during spatial learning in mice [7] ; since dexamethasone acts on the same receptors as the naturally occurring glucocorticoids, similar effects are expected with DEX administration. Significant improvements in spatial memory were recorded when mice were tested again after 14 days of administration.
The results of Y maze locomotor activity showed a significant increase both acutely and after 14 days of administration of dexamethasone compared to control; increase in locomotor activity in rodents has been thought to reflect dopamine release in the striatum [28] [29] , radial arm maze locomotor activity increase were however not statistically significant.
Conclusion
The study demonstrates the ability of oral dexamethasone regimens to alter anxiety states and memory in Swiss mice, thus establishing that behavioral effects ascribed to DEX given by other routes can also be seen when it is given orally.
